The yield ofbanana and plantain which is an important food is affected especially by black leaf streak disease. Pollen from resistant wild types is used by conventional breeding to create new hybrids resistant to black leaf streak disease. A strategy of pollen genetic resource preservation and storage is necessary for this breeding. The main objective of this study was to optimize the conditions for in vitro germination, conservation and storage of pollen from three ban ana diploids (Musa acuminata). Pollen grains used in this study were collected from Njombe and Ekona banana collections. The basal media used for in vitro culture were th ose of Heslop-Harrison and Brewbaker and Kwack. Different temperature and pH values tested allowed for the evaluation of germination rates. Pollen were desiccated and stored in a freezer ( -20°C) and in a refrigera tor ( + 10°C). The results obtained showed that the basal medium of Heslop-Harrison supplemented with 5% sucrose allowed to obtain optimum pollen germination rate. The optimum temperature was 30°C and the optimum pH values were 6.5 for Calcutta and 6.8 for M53 and Zebrina. The pollen grains of the three varieties can be conserved freshly in the refrigerator at+ 10°C for at !east two months. These results are very important for ban ana and plantain breeding programs because the conditions of pollen storage for the three varieties are weil established and permit genetic material sharing and diffusion between different ban ana research centers.
INTRODUCTION
Genetic improvement of ban ana and plantain in the world is led by severa! researchers from CIRAD (Centre de Coopération Internationale en Recherche Agronomique pour le Développement) in France, FHIA (Fundacion Hondurena de lnvestigacion Agricola) in Honduras, liTA (lnstitute of Tropical Agriculture) in Nigeria, CARBAP (Centre Africain de Recherches sur Bananiers et Plantains) in Cameroon and EMBRAPA-CNPMF (Centra National de Pesquisa de Mandioca e Fruticultura Tropical) in Brazil (Bakry et al., 2009) . At the international leve!, two different radical strategies for creating varieties are used: the first is aimed at obtaining tetraploid varieties while the second is to obtain triploid varieties. Despite the high sterility in banana, sorne triploid varieties produce rare diploid parental gametes (female gamete (n =x= 33), which after fertilization by a pollen of a diploid variety, will be the source of seeds containing tetraploid embryo able to germinate. The strategy of genetic improvement consists in associating the complete genome of a cultivated variety with th at of a variety with haploid parental genome having resistance to pests and diseases. The investigations ofback cross with the tetraploids and other improved diploids have never led to obtain the interesting triploid hybrids (due probably to female nucleus bursting during tetraploid meiosis).
Cl RAD has developed an original strategy for improvement based on the creation of triploids from naturally improved planting material. After selection, the best diploids are treated with colchicines to induce the formation of auto or allotetraploids. Thereafter, these tetraploid and diploids are crossed with the aim of producing triploid plants. Ail these crossings require pollen (Bakry et al., 2007) .
Pollen conservation is advantageous since it can be stored for a long period without losing its viability (Hanna and Towill, 1995) . ln this way, transportation and diffusion of pollen in view of carrying out hybridization between plants dispersed in space and time at flowering will be facilitated (Charrier, 1990) . But pollen germination and viability depend on many factors involving the culture medium composition (Prom, 2007; Mahmoodzadeh and Bemani, 2008) and air pollution condition (Chehregani et al., 2004) . Studies on pollen preservation and viability are important for understanding the reproductive performances of species and also to le ad improvement programmes with success (Dafni and Firmage, 2000) . Few pollen banks exist till date mainly on ligneous tropical forest trees (Charrier, 1990) . Wild plants are often considered as genes bank useful to solve problems in cultivated species which are often sprayed by insecticides that significantly affect the viability of pollen (Mehri et al., 2007) . This research was therefore aimed at studying the optimal conditions of in vitro germination and preservation of pollen of three diploid ban ana varieties.
MATERIALS AND METHODS
Pollen of three diploid ban ana (Calcuta 4, M 53 and Zebrina) used in this work were collected from CARBAP's collection in Njombé ( 4 °35' latitude North and 9°39' longitude East) and Ekona (4°14'00"N latitude North and 9°20'04" longitude East) located, respectively in the Littoral and South-West regions of Cameroon, Centre Africa, in 2008. Calcuta 4 and Zebrina are wild varieties originating from South east Asia, M53 is a hybrid created in J amaica and improved in Guadeloupe by CIRAD-FLHOR. The pollen of these ban anas are needed in genetic improvement because of the ir resistance to black leaf streak disease and their tolerance to nematodes.
Mature male buds were harvested from the collection and wrapped in polyethylene bags to prevent dehydration during transportation. ln the laboratory, with the aid of spatula, the an th ers were opened and the pollen deposited into small glass botties. This operation does not leave the pollen in the terminal phase. The pollen is in dependent of environmental conditions around it and can be extracted without damage during the two or three last days bef ore the breaking off of the anther (Picard, 1995) .
The pollen grains extracted from an th ers were divided into three lots:
• Lot 1 was made of pollens subjected to dehydration in a desiccator before storage in a • Deep freezer at -20°C
• ln a refrigerator at + 10°C
• Lot 2 was made offresh pollens which were direct! y stored in a • Deep freezer at -20°C
• Refrigerator at + 10°C
• Lot 3 was made offresh pollen subjected to different in vitro germination tests Asian J. Biotechnol., 3 (6): 554-563, 2011 Culture media, saccharose concentration, temperature and pH: Determination of a suitable medium for in vitro pollen germination was carried out using the classical media of Brewbaker and Kwack (1963) and that of Heslop-Harrison (1979) with and without the addition of 1% agar. Different sucrose concentrations (0, 5, 10, 15, 20, 25, 30 and 35) were used to determine which was more favourable for germination. Also, the influence of temperature (25, 30, 35 and 40°C) as weil as the influence of pH (5; 5.3; 5.6; 5.9, 6.2; 6.5; 6.8 and 7.1), were investigated. The two media were mounted on slides and spread with pollen grains using magnifying glass. These slides were stored in Petri-dishes under saturated atmosphere (the saturation of the atmosphere was obtained by adding water on Watman paper). These Petri-dishes were incubated at a constant temperature of 30°C for 24 h. Slides removed from the incubator were stained using the method described by Alexander (1969) . A Photon microscope was used to count the number of germinated pollen. Germinated pollens are tho se found with tube length longer th an half the pollen diameter (Youmbi et al., 1998) . Germination data were collected on a sample of about 400 pollen grains on three replications.
Germination rates were used to determine the best culture medium, the optimum saccharose concentration and the optimum temperature and pH.
The germination ability was studied. The fresh pollens were dehydrated using desiccators. They were then removed after 3, 6 and 9 days and kept in a freezer at -20°C and in a refrigerator at + 10°C. Samples were taken at 5 days interval for germination test.
Method of conservation: Fresh pollens were placed into a desiccator and four times of dehydration (T" T 2 , T 3 , and TJ weretested. T 1 to T 4 represents thetime as week 1 to 4, respectively wh en the pollen was removed from the desiccator bef ore conservation. The index number shows the period in weeks of pollen dehydration.
The content of each small glass bottle removed from the desiccator was divided into two parts. Twelve of these glass botties were transferred into a freezer at -20°C and the other 12 into a refrigerator at +10°C. Every 30 days, the pollens were removed and subjected to in vitro germination test. These regular tests on different stocks (controlled and preserved) allowed the observation of pollen germination (Cerceau-Larrival and Challe, 1986; Cauneau-Pigot, 1988 ).
Statistical analysis: Data collected were analysed using the computer software STAT-ITCF and the means separations were performed using the Newmans-Keuls post test at 5% leve! of significance.
RESULTS
Effect of base medium and sucrose concentration: Pollen germinated on bath Brewbakner and Kwack (BK) and Heslop Harrison (HH) media. But pollen did not germinate at ali sucrose concentrations ( Fig. 1, 2) . On bath media, the germination rate was zero in the absence of saccharose. The germination rate was higher on HH medium than on BK medium. On HH, the optimum germination rate was 44.18% at 5% saccharose concentration while on BK medium, it was 8.15% at 15% saccharose concentration. The germination rate decreased to 0% at 20 and 30 saccharose concentrations, respectively on BK and HH media (Fig. 1) .
For M 53 hybrid, at 0% saccharose concentration, the germination rate was 1.15% on Heslop Harrison (HH) medium while it was zero on Brewbakner and Kwack (BK) medium. The optimum germination rates were 46.31% at 5% saccharose concentration and 28.03% at 10% saccharose Asian J . Biotechnol., 3 (6): 554-563, 2011 Saccharose concentration (g%} On both media, the germination b ecame zero at 35% saccharose concentration (Fig. 1) . Pollen grains of Zebrina varieties equally germinated on the two base media. On H eslop Harrison (HH) medium, the germination rate was zero at 0% saccharose concentration. Th e optimum germination rate was 46.61 at 5% saccharose concentration (Fig . 1, 3) . The germin ation d ecreased to zero at 30% saccharose concentration. On Brewbakner and Kwack (BK) medium, pollen grains of Zebrina germinated with low percentage (0.38%) at 0% saccharose concentration. The optimum germination rate (27.73) was obtained at 10% sucrose concentration. The germination rate decreased to zero at 25% saccharose concentration.
Statistical analysis showe d that the m edium-concentration inter action was highly significant (a = 0.001) with all the pollens. The Heslop Harrison (HH) medium supplemented with 5% sucrose concentration allowed high er m e an percentage of germination (Fig. 1) . Germination rates of the three banana varieties were significantly different (a = 0.01) on this combined m edia.
Asian J. Biotechnol., sucrose at pH = 6 .8
Temperature ( 0 C} Fig. 4 : Influen ce of t emper ature on the germination of polle n from th ree diploid b a n a n as (Musa acuminata)
Pollen grain s of the three bana n a varieties germinated at all the temp erature s. Th e germination r at es wer e low (12.77, 17.92 and 13.06%) at low t emper ature (25°C) for Calcu ta 4, M53 and Zebrina, respecti vely . The optimum germination rates : 44 .18, 46.31 and 46.61% were obtained at 30°C for Calcuta 4, M53 and Zebrina, r espectively. Above t his value, the mean percentage dropped with incre asing t emperature and became t he lowest (0.97, 4.36 a nd 3.4 1 %) for Calcuta 4 , M53 and Zebrina, r espectively at 40°C (Fig. 4) .
St atistical analysis showed that there was a significant differ ence (a = 0 .001) b etween the differ e nt t emper ature levels studied . The best t emperature r ecor ded was 30°C (Fig. 3) . However , the p erce ntages of pollen germin ation of th e three bananas under this b est t emper ature were significantly different (a= 0.05). Two groups of similar characteristics were distinguish ed: M53 and Zebrina on on e side a nd Calcuta 4 on the oth er side .
The in vitro pollen germination w as influenced by pH. The germination rates were th e lowest (5 .12, 7.5 and 0.89%) at pH 5 for Calcuta 4, M53 and Zebrina, r espectively . These germination rates incre ased with increasing pH values, reaching the maximu m values of 43 .2% at p H 6.5 for Calcuta 4 and 42.48 and 41.31% at pH 6.8 for M53 and Zebrina, respectively. Beyond these optimal pH values, the germination rates decreased and became 18.41, 31.17 and 32.53% at pH 7.1 for Calcuta 4, M53 and Zebrina, respectively (Fig. 5) .
Statistical analysis showed a highly significant difference (a = 0.001) between the different pH values studied. The favourable pH values were 6.5 for Calcuta 4 and 6.8 for M53 and Zebrina (Fig. 5 ).
Preservation and storage:
The pollen grains of the three banana varieties did not germinate after being kept in the desiccator for less than a week. Only the control (fresh pollen) did have optimal germination rates. The mean germination percentage was: 44.18, 46.31 and 46.61% for Calcuta 4, M 53 and Zebrina, respectively. The statistical analysis showed that the fresh status of banana pollen was highly significantly different (a = 0.001) to the dried status (Fig. 6 ).
The germination rates offresh pollen grains (before storage) were 44.18, 46.31 and 46.61% for Calcuta 4, M 53 and Zebrina, respectively. After 30 days of storage at -20°C, these germination rates decreased rapidly to become 0.78 and 0.76%, respectively for Calcuta 4 and M 53. After 60 days of storage at -20°C, the germination rate of pollen grains of Zebrina decreased to 0.30% (Fig. 7) .
Asian J. Biotechnol., When stored at + 10°C, the germination rates decreased more weakly and became 0.48% for Calcuta and O. 75% for M 53 after 180 days of storage. For Zebrina the germination rates decreased to 4.73% after 210 days ofstorage at +l0°C (Fig. 7) .
Statistical analysis showed that there was a highly significance difference between the different places of storage (a= 0.001). The best place of storage was the refrigerator (+10°C) for all the pollens of the three varieties. The storage duration was equally highly significantly different (a = 0.001). During storage in the refrigerator, two groups with the same characteristics were distinguished: Calcuta 4 and M 53 in one group and Zebrina in the other group (Fig. 7) .
DISCUSSION
The pollen grains of these ban anas germinated on the two growth media used but the highest germination percentage was obtained on the Heslop-Harrison medium containing 5% sucrose. According to the classification made by Brewbaker (1967) , banana pollen grains are binuclear. Binuclear pollen grains germinate easily on BK medium. These observations are contrary to those mentioned by Youmbi et al. (1998) who found that at high concentration of sucrose (25-30%) in the media, HH medium was better than BK for the germination of the pollen of Dacryodes edulis. The optimum germination rate in all the cases was less than 50%. This might be due to plant species, harvesting conditions and transport to the laboratory. The distance between the place of harvest (Ekona, Njombe) and the laboratory (Yaounde) was far away (about 320 km). In the course of transportation, the pollens were probably subjected to dehydration, which caused in the membrane the alteration of glycoproteins, glycolipids, pigments and ions favourable for germination (Cerceau-Larrival et al., 1995) . The different behaviours of pollen grains observed on the base media were probably due to biochemical and chemical nature of exine which is a component of pollen grain wall (Cerceau-Larrival et al., 1995) orto the specificity of pollen grains of each banana cultivar. The preference of the Heslop-Harrison medium by the pollens of the three banana cultivars compared to the Brewbaker and Kwack medium was observed for allergenic pollens, characterized by the presence of micro canals (Cerceau -Larrival and Challe, 1986) . This preference for Heslop-Harrison medium could be due toits higher concentration ofboric acid compared to that of Brewbaker and Kwack.
Sugar equally played an important role on pollen grains germination. Saccharose played an osmotic role in the culture media. In addition, it is used as a source of nutrition for pollen tube growth (Loguercio, 2002; Baloch et al., 2001) . The highest germination rates were obtained for three cultivars with 5% saccharose on Heslop-Harrison medium. These results corroborated with that obtained in studying in vitro germination of Streptocarpus pollen. The optimum saccharose concentration (5%) was different to that found (10%) while studying in vitro pollen germination of Betula verrucosa (Bocquel, 1995) . It is also contrary to the observations on in vitro pollen germination of Dacryodes edulis where the optimum germination rate was obtained on Brewbaker and Kwack medium supplemented with 20% saccharose\ '{ oumbi et al., 1998) . This sugar became unnecessary at higher concentrations on which bursting of pollen tubes were observed. Yang and Endo (2005) observed bursting of pollen tubes of Brassica napus L. Five hours after incubation on Hodgkin medium supplemented with 10% sucrose. The bursting of pollen tubes can be reduced on adding polyethylene glycol in the culture medium (Yang and En do, 2005) or reducing sucrose concentration.
The germination of pollens of the three banana varieties was influenced by temperature. Their optimum germination was recorded at 30°C; a similar value obtained for germination of pollens of Dacryodes edulis (Youmbi et al., 1998) . Baloch et al. (2000) also found that the pollen grains of cotton are vulnerable above 35°C.
Pollen germination in this study was also influenced by pH. The optimum germination values were 6.5 for Calcuta 4 and 6.8 for M53 and Zebrina. These values were slightly different from th ose obtained by Tamnet et al. (2011) for germination of Senna spectabilis (5.6). For Dacryodes edulis (Youmbi et al., 1998) , optimum germination was obtained on Brewbaker medium at pH 5.3. pH is an important factor th at triggers pollen germination and its optimal value is a function of the species (Goddard and Mathews, 1981) .
The results showed that on! y fresh pollens were better preserved. The dehydrated pollen !ost their germinative ability within a week. This observation is similar to th at of Tamnet et al. (2011) , who showed that the pollen of Senna spectabilis !ost their germination ability from one week to other, after dehydration. The absence of germination could be due to dehydration threshold being exceeded. The germination rates ofbanana pollen grain decreased with increasing desiccation and storage times. Similar results demonstrating that pollen viability was highly dependent on temperature and relative humidity have be en published earlier by Baloch et al. (2000) . ln fa ct, pollen characterized by a fragile exine could quickly !ose plasmic membrane permeability, with a speedy dehydration (Digonnet-Kerhoas and Gay, 1990) . Physiological considerations are also important during the course of pollen storage (Kw on et al., 2005) . The desiccation must be done in a limited time (one or two hours) and must not exceed a critical threshold: 2% for pine, 4% for cocon ut tree (Charrier, 1990) . During dehydration, sorne cytoplasmic materials would be !ost when the membrane phospholipids are changing from gel phase to crystalliquid phase. The Joss of pollen viability is probably attributed to the gel crystalliquid phase transition (Crowe et al., 1989) .
Storage in the refrigerator (+10°C) had the best results compared to deep freezer (-20°C). Storage in the freezer did not allow conservation of germinative ability during 30 days for Calcuta 4 and M 53 and 60 days for Zebrina. The water contents must be controlled to determine th ose that, in concordance with the storage temperature will give the best results. Excess humidity has been found to reduce the germination rate (Kwon et al., 2005) . At law temperature, water in pollen crystallizes and eventually leads to pollen alteration. This result is contrary to the observations which showed th at longevity of freeze-dried pollen increased when stored in the freezer at -20°C (Charrier, 1990) ; in fact, freeze-dried pollen of Betula sp. germinated weil after storage at -20°C, th ose of Prunus persica and Medicago sativa germinated after 9 and 11 years, respectively. On! y pollen stored in the refrigerator (+10°C) preserved their germination capacity for 180 days (Calcuta 4 and M 53) and 210 days (Zebrina). A reduction of almost half of the germination rate was observed after the first 30 days of storage.
For successful hybridizations with stored pollens, it will be necessary to carry out the pollination at !east 60 days after collecting the pollen for Calcuta 4 and M 53 and 120 days for Zebrina when the percentage of germination is still higher th an 10%.
CONCLUSION
These results show that more than 10% of pollen of the studied varieties can germinate even after 60 days (more th an 2 months) of conservation. This is quite important and fun dament al for the different ban ana and plantain breeding programmes as pollen can be conserved and diffused for hybridization in the different Research Centers.
